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INTRODUCTION 


‘Among the procedures developed Dy | the Gemmane: for eoviding the tonnage 
of iron powder needed to make rotating bands for. artillery shells is the use 
of a ceramic tunnel kily,. not. only for finishing the reduction of centrifugal 
powders but also for making so-called "“brickyard sponge iron," which, after 
crushing and grinding ; ‘seems to las a ae suitable for powder-metel lur- 
gical burposes. a ; 


The final. report issued jointly oe the Gomes ee er 
Society (DPG) and the Chemical-Metallurgical Branch of the Research Depart- 
ment of the Metallgesellscheft, Inc. (ZFC of M+) gives the available details 
of thie procedure, which may be regarded asa further development of the ~ 
process in commercial use since 1911 at. a ceramic plant in Hoeganaes, Sweden. 
The Bureau of Mines' wartime development of the Hoeganaes process also cul- 
minatcd in the adaptation of ceramic tunnel kilns for carrying out the solid- 
carbon reduction of iron ores, and Compare with. the Geritan technique should 
further advance the art. | 

This information circular is issued as f jeupere t to Bures of Mines 
reports of investigations Nos. 3819 ,z 3000, / 38h1, 2/ and O71, of on brick- 
yard sponge iron and is based on four German reports entitled "Making Tron 
Powder in the Tunnel Kiln," translated from FIAT microfilm reel H-46, frames 
9190-9209, 9280-9299, 9339-9357, and 9377-9584 (PB L 700k2), which represent 
the four original research reports, Nos. 2005, 2002) eo), arid 2012, respec- 
tively, of the Metallgcesellschaft, Inc. 


: 1/ The Bureau of Mines will welcome reprinting of this paper, provided the 


following footnote acknowledgnent is made: “Reprinted from Bureau of 
Mines Information Circular 7473." 
Senior physicist, Bureau of Mines, College Park, Md. 
Walker, d. P.,- Reduction of Iron Ore in Clay and Steel Containers (Sadgore): 
Bureau of Mines Report of Investigations 3819, 1945, 30 pp. 
4/ Ross, Donald W., Production of Sponge Iron in a Shale-Brick Plant: Bureau 
of Mines Report of Investigations 3822, 1945, 27 pp. 
5/ Smith, Kenneth M., and Burton, S. E., Manufacture of Sponge Iron in 
Periodic Brick Kilns: Bureau cf Mines Report of Investigations 3841, 
1945, 38 pp. 
6/ Gottschalk, V. H., Becbe, E. S., and Cole, Richard S., Manufacture of 
Sponge Tron in Ceramic Tunnel Kilns: Bureau of Mines Report of Investiga- 
tions 4271, 1948, 25 pp. 
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' The descriptions of German methods for. making fiton powders and their 
use in the manufacture of shell-rotating bands, as reported by Comstock, 
Krebs ,o and ‘Ivery ,a/ indicate that the centrifugal powders made by DFG suf- 
fered in competition with iron powders mide by other methods because of the 
oxide content. unavoidably eoquired during manufacture.: “Apparently, thia ex- 
cess of oxide could not be removed at a rate demanded by the war cmergency 
by reducing in hydrogen, and this led to exporimente with solid-carbon reduc- 
tion in a ceramic kiln found available at the North German Stoneware Co., 
Inc., in Bremen, 


THE TUNNEL KILN 


This indirectly fired, mffled tunnel kiln of Dressler design was 50 — 
meters (164 feet) long and operated with’27 cars that were 173 cm. (5.68. 
“feet) long and 100 cm. (3.28 fect) wide, loaded to a height: of:110 cm. (3. 62 
feet), cach with 60 ceramic containers (so-called' “saggers," made from cilay- 
‘grog mixture). The saggers normally wore 45 x 22 x 20 cm. (approximately | 

18 inches long, 8-1/2 inches wide, end 8 inches high), corresponding to a 
volume of about 13 liters (3.434 U. S. gallons, or 0. 459 cubic foot). Thero 
is a space under tho car tracks that is sealed against the actual furnace 
by means of eand , thus protecting the peor: parts of the cars from ‘oxvece te 
heat. ~ 


The kiln is heated by producer gas of meus: 1,200 heat units per cu. Mm. 
(134.9 B.t.u. per cu. ft.) generated from coke in a revolving -grato producer. 
-To gcnerate'l cu. m of fas required 0.250 kilograms of coke and 0. 1 kilogram 


of steam for saturating the blast at about 65°. (15.6 lb. coke and 5.8 lb. 


steam per 1,000 cu. ft.). The producer gas was led to tho heating flues in 

a primitive way by forcing it at a slight prossure (2 to 4 mm, of water colum 
= 0.079 to 0.157 inch) through a horizontal slotted burnor plate situated 

in the middle of the furnace on both sides. Air for’ combustion was blown. 
over the burner plate by means of a fan at 1 to 2 mm. (0.04 to 0,08 inch): 
water pressure. The two heating flues are connected to a high chimvey the : 
draft of which may be ao by dampers at the ends of the flues. Tae see 


As reduced iron is eaditiy oxidized, a protoctive suuene in the 
muffle .seemed imperative, .and this,. again, called for “locks” at both ends - 
of the kiln to prevent access of air while cars were pushed in or pulled out. 
In addition, a system of air-cooled pipes was built into the discharge: end 
of the kiln to TOSSeR. the Chance of reoxidation dur'ing cocle | 


2, spre 


TAT Final Report: No. 


rman Pease Notaliurey? 
— F72 (PBL 39354-R), Juric 17, 1947, pp. 5-74. 
8/ Krebs, Heinrich L., Sinterod Iron Shell Rotating Bands: FIAT Pinal 
Nati No. 979 (PB L 78261), March 19, 1947, 8 ppe 
- ‘Ivery , W., The Production of Powdered Iron and Sintercd Iron Driving 
‘Bands in Germany + BIOS Final Report 1323 (PB L 79189), January 1945, 
“120 pp.” . et ae a ge ei | er ae a 


| Comstock, Gregory Jey 
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After many struggles, the cifficulties encountered in maintaining a 
suitable protective atmosphere were overcome by close ee to the 
following operating directions: 


1. The CO/COp ratio of tne protective gas at the various terperatures 
‘read from the 10 lem couploe distributed throughout the Length of ths m 
fle mst exceed the following equilibrium values: | 


Temp. °C. 38. | 1, )«=COfCOp ratio. - 
500 1.06 
600 1.26 
700 | 1.50 — 

. B00 : : 1.86 - 

900 2.23 

1,000 ~° 2.57 

1,100 7 2.93 

1,200 | Bore 


2. Pushing a car through the feed lock into the kiln or pulling it out 
of the kiln through the discharce lock is best done by lighting a producer 
gas flame in the loc’ before tne inner lock gate is opened. With the outer 
lock gate also closed, the flame conewmcs the oxygen of the air in the lock 
and then goes out. Extinction of the flere is indicated by.a rapid drop on 
an attached manometer. Not until the manometeor has registered this drop is 
the inner lock gate opcncd. This procedure not only minimizes explosion 
hazards, but prevents any discontinuity in composition oi the protective 
atmosphere, 


3. Isolating the combustion chambers and kiln roo! by plve gging up the 
masonry cracks, especially at cxpansion joints, to lessen eves of protec- 
tive gas. | : 


4h, Regulating over-pressures to keep the furnace ga3 faintly reducing 
and to balance the pressure in the heating ducts against.the pressure in the 
muffle, so that chimey gas from the heating flues cannot penctrate into the 
reaction thamber despite the fact that the mffle is not absolutely gas-tight. 


The following gas balance, taken from the sccond réport (No. 2008) , 
shows how scrious the nOEKERS of | produce: Pas may bo: 


The 20,000 cu. m. (706,290 cu. ft.) = 100 percent ef | 
producer gas introduced into. the kiln per. day. is distributed ag... — 
follows: 

1. Protective gas 

(a) Loss by leakege from heating ducts, 25%. 


(b) Loss by leakage in the masonry and the = powcent 
locks, 15% eeeesvoaoe eGeoeneveeeveevseneaea see eeeenved e 


2+ Less into the off gasce at 400%. sececscseeee 15.5 
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3, Loss by radiation wececescsscccrccccee 3260 
‘kh. To provide heat of reaction .eeceseees | 720 
5. Heat lost by Cooling eescscececccccces 500 
6 


- Heat lost in the charGe .oscccsesccvee 0. 
if 100.0 


FINISHING THE REDUCTION OF CENTRIFUGAL POWDERS 


Two types of centrifugal powders wero studied: SL and S, both made by 
DFG, the former carburized to about 2 percent C and the latter cerbon-free. 
Although the experiments did not include Mannesmann powders, made by quench- 
ing a stream of molten iron in steam, it is thought that the procedure 
described for SL and S powders is suitable also for finishing the reduction 
of Mannesmann Borer er 


The carburized powders are scelf-reducing; that is, the carbon present 
is sufficient to reduce the oxide present and yicld a product containing less 
than 0.1 percent C. The carbon-free powders require tho addition of 4.35 per- 
cent charcoal, or 9 percent sawdust, before charging in saggers. 


Table 1 shows the analyses of three such lots of carburized Sl powders 
as received. Table 2 gives the data obtained on reduction of the first two 
powdors of table 1 plus a third powder belonging to tho same lot; the third 
powder of table 1 was rcduced in an carlior serics of rune, for which tho.- 
cost calculations here roproduced do not hold. 


‘TABLE 1. - Analyses of cafburized iron powders 
i Dogroe of ' Actual | Specified | Oxygen 


| ; 
Total Fe, | Metallic. Fo, | reduction, (|C-content: C-contont — , (calculated), 
erccnt | ercent — ercent orcent | rcent 


1/ Approximtoly. 


Le C.: 74:73 
TABLE 2. - inishing the reduction of carburized centrifugal —— 


C-content Average i Time | Degree 
"of the | peak Carspushing | above | of 
raw material, | a : interval, | 800°C , | reduction, 
percent %l1 hours hours _ ercent 


1.69 - 1.44 


These tomporatures are 50° to 100°C. low, as own by sub sequent 
calibration of the thermocouples..: | , 


The car-pushing interval tabulated in the third column of table 2 can- 
not be interpreted satisfactorily without reference to the curve showing 
temperature distrivution along the iength of the -mfflic. The first report 
(No. 2005 of ZFC) shows two such curves, which, however, pertain to carly 
runs under conditions that proved to be unsuitable for the purpose. Obvious- 
ly with 27 cars moved along one car length every 2 hours, the total time 
cycle, i.c., heating, reduction, cocling, would be 27 x 2 = 54 hours, 
whereas a t-hour car-pushing intcrval would correspond to a time cycle of 
27 x 4 = 108 hours.. Tho Bureau of Mines made sponge iron from magnetite 
concentrate in a 200-foot tunnel kiln using time cls ciapaiain from 58 to 
80 hours, distributed,as follows: ...-- 


HOAtINE oercccccccccccccccececccreccccccccers 12 hours 
Reduttion period (1. se time above 900 °C. )eoe 34-48 hours 
COI esrb iceeugusecse ab nteebdckeesetedeeums erro Bours 
Mierisont LenperxvGture aieslcsasinwdessscvexdesess. LIZ" 210%, 


-The time-temperature curve along the length of the Bureau of Mines kiln had 
@ more nearly flat course during the reduction period above 900°C., whereas 
the two curves shown in the first Gorman report (No. 2005) come to a sharp 
peak between the two 900°C. points, two car lengths apart at the 4-hour 
car-pushing interval. Furthermore, the Bureau of Mines kiln was direct-fired 
with fuel oil and coal in altornating fire boxes, which permitted rogulating 
the heating, reduction, and ccoling periods more or less independently. 

It is not clear from the German reports whether halving the car-pushing 
interval does not also halve the heating and cooling periods; but: that this is 
so may be taken from their recommendation that on adopting the 2-hour car- 
pushing interval the cooling zone and the system of cooling pipes should be 
increased. | 
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The cost calculation for finishing the reduction of 500 metric tons 
(550 short tons) a month of carburized centrifugal “powder is given in 
Reichsmarks (or approximately in dollars, assuming 4 RM = $1), as follows: 


Operating the producer: | 


160 met. tons (176 short tons) coke, es sas 


at BM30 . $6.80 fy. b. plant. 
met. ton short ton. 
For generating heating gas and protectivo gas, = RM L, sea 
7 5,410 


RM ( Approz. ) 


122.met. tons (134.2 short tons) stcam _ 
at MM5 _ $1.13 | ss oul 610 
met. ton short: ton ne 


1,93 


Electrical enerey 
8,600 KWH for iiln operation and lighting . —— mom te | 
at RM 0.07 = 1-3/u¢ a Midis sdaccniaderinesseenneeel “> 600 150 
Water for the coor towers. : | 
100 cu. m. (3, 338 cus fee = 26, a7 U. Ss. san: ie 


rt ; er ee ree re ' 30 8 


cu. Mm. 1,000 gal. 


Coramic saggers: 7 
6,000 at FM 1.50 = 37- “12g spioco Sbdbessmrseeeaseteieess, “9000 2,250 


Rental of kiln and plant space stan cancdamssseendosibianee 3,500 875 
Labor costs: 


21 pone: at RM 500 = $75, a / morith = BM eC: 00) eee ... 8,800 2,200 
9 office and. toch. Men «ssh: = BM-2,500 - no 


Miscellaneous expenses oor cccccccorsccessevsceccssoroscees 200 [(P. 
_ Total reteecsccccsececssconsecsescscsreeeesneeres 27 , 640 6 y 91h 


From this, the cost for finishing tho patie of 500 newt tons & 


month :of corpurdzes SL powder is Anes. « —_ not including cost 


of comminution but including eho cost for loading the finished powder. | 
‘Here, as for the Bureau of Mines eee one of the ieee items is the 
cost of saggers. . For these experiments, using a ¢-hour car-pushing interval, 
the saggers were "half sagBerS," 39 x 18x 11 cm. (approx. 15-1/2 inches 
long, 7 inches wide, and 4-1/2 inches high), 72 saggers in 6 or 7 layors per 
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car. To prevent sticking, the inner walls were painted with a suspension 
of clay in water, which, of course, was unnecessary when making “reduction 


powders” froma layer of iron oxide between 2 layers of reducing agent. : 
These saggers withstood only four trips through the tunnel kiln. 


None of the four German reports gives a complete analysis of the 
finished product, but it my be assumed that it meets the powder-metallur- 
gical specifications of 0.04 to 0,20 percent C. and-about 0.5 percent oxygen, 
with a bulk volume,. ori tapping, of 35 to 40 cubic centimeters per 100 grams. 


Krebs10 gives the following arielysie of. the DIG Powder used for making 
shell bands: ; 


- ' Percent 
Fe Pe reer ere eT ree ee ee rs a 999 
C gig Bed SUSSOR WAS BESS Coes 0,15 
6) Soe secevbveseccvecsese 1.5 ; 
S rrr rere rere eT eee "0,05 
Si ses diecw es kcecse veces” + -Q,15- 
Dp Ceoecceccscoseeocnesoreocs 0.05" 
Min COC ECHL OHO OB OOH OE OC HOO . _ 0.5 
a >. TOL696 


‘This mst be in error, for it amounts to 101.90. percent; if the specified 
maximum oxygen content of 0.5 percent is assumed (to replace Kreb's figure 
of 1.5 percent Op) , 98.6 percent Fe would bring the total to 100 percent. 
Krebs states that the powder has a rough epagEn eer surface and shows the 
following screen enaeret 


Millimotor , , 


, Approximate | Percentage 


screen opening i U. S. Mesh iz by weight | 


On 0,300 eoccccvcceccocs { + 5.5 
On 0,300 through 0.150. | -48 +100 | | 28.2 
On 0.150 through 0.100. | -100 +1501 ° 5,2 
On 0,100 through 0.075. | -150 + 200 | 4.6 
On 0.075 through 0.060. , -200 + 250 39.0 
On 0.060 through 0.050. | -250 + 275 |. 10.5. 
Th h 0.050 eacccccce 


“2 2Q 


See footnote 
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Three lots of ‘roll gents wane reduced in the Bremen tunnel kiln. ) 
Table 3 shows their analysis: 


TABLE 3. - Analyses of roll scale 


} 
Fe (ferrous) .. | 49.68 | 52.80 - 
Fe (metallic) . | 63 ! 229 | = 
S10, eeoccacrore |. 265: : ' -teeh7 | 1/0.68 
Cu Peoesseereoes: 1 ue 208 wee @O)) | 
S See eee eee. «O34 |. - ‘oe \ 
P ecoveccsvewertom >)! 002 .---- +0357 
C Tree ICet re eee ee coh 


i/ -Residuee,..+- «+. eee: 
Only the Danish roll scale was used to determine whether so-called 

"reduction powders,” made by reducing iron oxides, would also give satis- 

factory. results when using “half saggers" containing one thinner (about 

hOmm, » 1.57 inch) layer of oxide botween two layers of peat coke (instead 

of charcoal) and run at the shorter two-hour car-pushing interval (54-hour 

time cycle). Only the -6 mesh fraction of roll scale was used, the larger 

fractions being rejected. The plant had to shut down April 19h5 because 

of increasing cnemy activity, and only six cars of finished product could be 

obtained. This was considcred sufficicnt to demonstrate that "reduction 

powdors" also could be made at the grcator kiln capacity resulting from the 

changes in technique listed above, and the following cost estimate is given 

for making 105 metric tons (135- 1/2. short; ati por month of reduction powder. 


Operating the produeors 


RM (approx.) 
190 met. tons (209 short esas) seks: £. oub. plestt. 


ot OK eS etd 

met. tons . ort. tons re) see ; ee 

For generating heating gas and seo eective gas. 6 

145 met. tons (159-1/2 short tons) steam, Lee 6,425 1,606 
RM ) “ $1.1 ) = . { 

ae met. ton short ton Be te? 


For operating tho producer. 


Electrical energy: 
_,, 8,600 kw.-hr. for kiln operation and lighting 20 kn 
at RM 0.07 =» 1-3/h4¢ a kw.-hr. eeoeeeceeseeneeeerereeeesecee ; 600 150 
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Water for the cooling towers 
100 cu.m. (3,531 cu. ft. = 26, N18 Ue. s. fal. yo 


al eeeeeeoeoeaoevoseaeeeasve00e0e2000280820680085680 
epee” 


an 1,900 gale a“ 
Ceramic BERR CEES | 
4,000 at RM 1.50 = 37- aie epiece si eduideemeataucmewaesee  C,000 1,500 
Peat cokes 


35 a tons (38.5 short tons) 
RM 70 $15.91 


at ; met. ton — short ton ee nee gy ee eae een ee 2 500 | 613 
Rental of kiln and plant op ace Abeudsdaewaboreceeseess caces "3,500, | 875 


Labor costs: 


21 laborers at Rm 300 = $75 a month, 2M 6,300) ss 2 ang ~~ n 200 
5 office and tech. men RM 2,500) °*"’ : 2 ? 
Miscellaneous OCXPENSCH eeccvccesovecccesesesescsccscserscces 300 7) 

20,155 7,007 


Credit for reaction gas, 38,400 cu.em. (1,356,000 cu. ft.) = 
10 met. tons (11 short tons) coke at.RM 30 s soe) 


Credit 7.6 tons less steam consumed at RM 5 - = RM 38 338 8h 


Total a a a 27,817 6,943 


This mang 2M26.25 . _$59-63 for making 105 metric tons a month 
100 ke. short ton 


of reduction powder, excluding cost of comminuting the roll scale and the 
finished product but including loading cost for the product. 


These two cost figures, $12.60 and $59.60 a ton for SL-powder and reduc- 
tion powder, respectively, are about 60 percent of tho corresponding figures 
obtained previously by use of the larger saggers, thicker laycrs of oxide, 
and bulky charcoal (instcad of the denser peat coke), with a car-pushing 
interval of 4 hours. Increasing enony activity forced a shut-down of the 
plant at this early stago of tho kiln-capacity. tests, and honco the following 
table 4 is included to present additional data on the reduction powdors that 
resulted from the runs described in the second German report (No, 2008) when 
the kiln was operated on the original 108-hour time cycle, and tho larger 
saggcrs were charged cithor by the mix mothod or with two 60-mm, (2,36-inch) 
layers of oxide alternating with three layers of charcoal as reducor. 
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TABLE 4, - Reduction of iron oxides 


heen | b 
on "| 
temper-' Degree of . Degree of 2 
ey ! Volume , i reduction, Volume, | reduction, “ow fh 
Material} OC, cc/100 gm., percent jcc/100 gm.|} percent Remarks ; 
Magnet-| 925 | 103/70 :|: -71 | “ : are 
ite 950 | - | - | 85/60 93 
Concen- ae | 90/63 | 95 | : - : P Closed capsule. - 
trate | - ~ 0/60 90. 
1030 - | ‘ 66/51 95.5 . an ae . 
| 1045 | - | - | 80/58 97-9 Little closed boxes. 
1060 *f te | °67/50 97-4  |In-.one. layer. 
| 1070 | ” | m | z Ke) 97.8 Ground peat coke. 
wale, | 50 | Be | ap | tae 2 See 
scale | - - +> 
from | 950 | 85/6 ! 90 | - - £ 
arose: | 2 eT | 22 ft # : , 
- TOO 6 ie. (= 4 ss 7. 
| 1000 | 80/50 "1 95 jo é 
peed ! 81/62 | 94 ie 9762 | 
3 a aah Maus : ibis tOhees cibecatien 4 rea BE 
1030 oP 9555 96.8 | | i 
| 1045 | - | ~ 74/56 98.3 Little closed boxes. 
| 1060 | - | - 70/54 97.8 In ono dense 
' 1070 | = he | 62/46 . 97.3 - |Ground peat. coke. 
Roll j; 945. 153/89 ey. Ae = 0.00% C. , 
ment | 990 “ss Ls | 97/6 93 | 0.10% C. 
rom | : jo “a a 
pee | 1015 | 105/75 | 95.5 | gt 
| ie ses | Bs | 
| 1040 |. 90/67 | 95.0 . ! - . - 
1045 “ _« | 65/50 97.6 . 
| 1045 ~ - | 72/52 98.5 Little closed boxes:: 
: oot ‘ 166 : | 60/46 97.6 
1060 7 96.5 — - - 
(1065 | 91/67 9518} * ae 
| 1070 | - 60/47 97.8. \Ground peat coke. 
ee! | 6 (ce) 


1/ All these temperatures are 50° to 100° too low, according to subsequent 
calibration. 
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The Swedish magnetite concentrate from Boliden had the following conm- 
positions: i 

Percent 

We: (total) “istcsseees. 60.55 

Fe (ferrous) ........ 11.19 

‘ Fe (mctallic) ....... Trace 

S10, cece ecoccccceoes 6.85 

oar rrrererrerererrre nr Trace 

S seeencescnsccccccse 0.03 

P 2:0: OO 8 0 6.8 8 8 88 O58 8:8 0:8 e 0.01 


C ae a ee <i 0.51 


The upper. figure of the specific volumes given in table 4 refers to the 
volume occupied when 100 grams of the powder is poured into a container 
(probably in some particuler way, as specified by powder metallurgists), 
wWhoreas the lowor figure refers to the final volumco when this container, with 
its contents, is tapped. 


The fourth report describes a brilliantly conceived serics of laboratory 
experiments that show cloarly that, other factors remaining constant, the 
time required for complcte reduction varics dircctly as the square of the 
thicknces of oxide laycr, althovsh the straight line expressing this 
relationship docs not go through the crigin (abscissas are vropertional to 
the equere of layer thickness). The author's interpretation, that optimm 
erereting conditions are found at the point whore the velocity of the 

chemical reaction is just cqual to the rete at which heat is conducted to 
the oxide layer ,. although protably true for the threo series cr? laboratory 
experiments prescntcd, cannot be anplicd to the operation of the Bremen 
kiln as. simply and unqualifiedly as is done by the author, Dr. H. Ley. 
This is obvious from Lcy's figure 2, which shows the two nines established 
in the Bremen kiln fcr 30 and 65 ma. leyers, which occur at 4 hours and & 
hours heating, respectively; that is, doubling the layor requires only 1.8 
times the heating pericd. The cxplanation of this discrevancy is simply 
that in tho laboratory cxperiments the initial heating up to the reduction 
tempcrature and the final cooling down to room temperature aro done in an 
oxygen-free atmosphere of nitrogen and are absolutely idontical in all the 
runs; whereas, at Bremen, going from a 4-hour to a@ e-hour car-pushing intcr- 
val also halves the times of heating and cooling, not to mention the changes 
in segger dimensions and reducing ascent. Thcreferc, the claim of a furthur 
increase of 20 porcent in kilm capacity dccuced from these lzboretory ex- 
periments requires confirmation on:the larger scale. In fact, it 41s not 
made clear why the runs with 65 mi. laycrse at the 4-hour car-pushing intcr- 
val and with the larger saggers failed to be satisfactory economically; 
computation shows a largor tonnage per day was produced at the 108--hour time 
cycle, using 60 large saggors, which cost as much as the 72 “half scggers” 
used at the 54-hour time cycle. The time for loading and unloading the 
smaller number of largo ssggere should have bcen lees, and the trounlésome 
routine at the locks would, have Pcon cut in half, compered to the e-hour 
intcrval. 
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This fourth report implies, also, that the fact that Hoeganaes sponge 
fron comes in 30 mm. disks confirms their finding that tais seers CF 
layer is optimim. The latest description cf the Hoeganaes procedure—/ shows 
rectangular cakes, 375 x 250 x 60 mm (approx. 14-3/h x 9-3/4 x 2-1/4 inches) 
obtained by their new method, in which magnetite concentrate formerly charged 
in altcrnating horizontal layers is now charged in vertical cakes. Even 
before the Swedes, the Bureau of Mines adoptod canister charging and pug 
charging of vertical "pigs" of iron ore surrounded by a reducing mixture con- 
taining 15 percent limestone. Ekotorp doee not mention limestone, probably 
because the 30 yaa ash of their coal contains calcium carbonate; but 
Tigerachiocld,+¢/ in his description and cost figures for the early phases ~~ 
of the Hoeganaes process, gives 190 kg. of limestone to 800 kg. coke breeze 
&s reducing mixture. for 1,420-kg. of 70 to 71 porcont magnetite supercon- 
centrate to make 1 motric ton of sponge iron analyzing 96:to 96.5 percent Fe, 
1.5 to 2.0 percent 0,, and 1.5 to 2.0 porcent gangue. Tho Bureau of Mines 
considers that limestone originally added simply'as a desulfurizing agent, 
has more important functions as a factor in the successful manufacturo of 
brickyard sponge iron, and it is pertinent to ask whether reduction powders 
could not be made in a direct-fired ceramic tunnel kiln such as was used for 
making Hoeganacs-type sponge iron during the war. In other words, mixing 15 
to 20 percent limestone with the reducing agent should avoid the necessity of 
a muffle, togcther with all the complications and expense encountered in main- 
taining a protective atmosphere. 


From the reports on the experiments in the Bremen kiln, it secms that 
the sponge iron “pigs” made by the Bureau of Mines could be crushed and ground 
to powders that might be suitablo for powder-metallurgical purposes, The four 
German reports are somewhat contradictory on this point. In the second report 
(No. 2008), on page 9, it says: | 3 p a 8 . 


"As compared with centrifugal powders, the blocks of reduction powders 
have a smaller bulk-density and are very spongy, and hence readily comminuted,”® 
and on page lls. 


The specific volume, after tapping, decreascs with increasing 
tomperature, as desired. At the maximum temperature, bulk volumes 
on tapping were 45 to 50 cc. per 100 grams. Extrapolation indi- 
cates that a further increase of 50°C. in maximum tcemporature 
should certainly suffice to attain the spocified bulk volume of 
35 to 40 cc. per 100 grams in the case of roduction powdors. 


11/ Sven Eketorp, The Hooganacs Sponge Iron Process: Jernkontoreots Annaler, 
vol. 129, No. le, 1945, PPe 703-721. See fig. 13 On De 717. ; 

12/ Magnus Tigerschiocld, The Sponge Iron Problem: Blad focr Borgskandteringene 
Vaonner, vol. 20, 1932, pp. 219-289. 
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Degree of reduction increases with temperature, reaching an 
optimum at about 1025°C. It shovld be stated here that standard 
specifications allow higher contents of oxygen in reduction 
powders. ; 

On the other hand, in the third report (No. 2010), in featuring the 
advantages of their procedure over that used at, Hoeganaes, they say of the 
Swedish sponge iron cakes (pb. 12): 


REE? AN OxyZen content as low as that of Bremen powder can 
be obtained only at higher meee ee and hence: a are more 
difficult to grind. — 


The four German reports are ‘significantly oe as to a and grind- 
ing technique. 


Comstockt3/ makes the pelowie statenent: 


The annsnaisa powder on being taken fiom tue Peace ys in . 
the form of brittle cake. It was broken cut from the trays and 
crushed and sieved in a standard plent embodying jaw crusher, 
rotary drum pulverizer, and vibratory screen coupled with the 
usual elevator gear. Unsintcrec scrap rings wore put back into ; 
powder form by first brealcting in a specially designed crusher 
and then pulverizing in a standard: rotary type grinder and 
ecroening. ’ 


14 / hes the following description of the povdes mili: 


Krebo— 

Iron and other metals and alloys which are to be pulverized - 
may be fed into the mill in various forms, such as wire, pe auice:. 
chips, borings, shavings, turnings, or crushings. 


The pulverizer is built on the well-known principle of the 
beator or hammermill type, in which the resulting. particle size . 
is governed by the length of time of treatment and the mesh size 
of the screen at the discharge cnd. 


The material 1s introduced into the mil by means of a 
continucus feeder. Two propellers or beaters, made of hard sin- 
tered metals or of manganese stcol of great hardness, whirl 
the metal particles against one another. By this impact they 
break up into powder form. In order to kcep the powder in con- 
stant suspension so as to continually expose the powder to 
the action of the hammer as well as to prevent oxidation from — 
the air, a constant stream of inert gas is fed into the dis- 
integration chamber. Particles of sufficient fincness aro 


Eby See footnote &. So | ' . 


14/ See footnote 9.— 
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continuously discharged through a screen. The shape and size 
of the particles aro governed by the speed and spacing of the 
hammers. The.iron particles have a characteristic | 
("Tellerstruktur") disk or plate shapo. 


Ivery ,23/ discussing Mannesmann powders, shows the differonce in results 
whon grinding in a mortar and in a small roller mill. According to Ivery, 
ball-milling this type of powdtr proved unsuitable, and eventually a fluted 
roller mill, as used with other powders, was adoptod. 


The fact that the Hoeganaes corporation began advertising iron powder 
in 1946 and a recent statement that much of this Swedish iron powder was 
shipped to the United States during the wars / are circumstantial evidence 
that the Hoeganaes procedure can be adapted to the mking cf sponge iron 
suitable for grinding into a powder: that would be acceptable to the powder- 
metallurgical industry. The details are nowhere published, but the paragraphs 
quoted below in trenslation from Swedish sources, indicate that the super- 
concentrate of Swedish magnetite, alroady as rich as 70 percent Fe, is further 
purified from gengue matorial by a now magnotic separator 1 PP iBpeees by a three- 
phase alternating current’ (so-called "rotating field"), 27 and that the 
resulting gangue-freo mgnotite is then reduced at'a tomperaturo higher than 
usual, and finally powdered by a spocially developed grinding: tochnique. 


Sven Bes HOrs sapentevonient of thc Hoeganacs plant, in ea RUBE IDE 
Moertscll' paper on iron-ore boneficilation, says: 


I want to report on somo work that has been done Aintae 
the past two years at Hoeganacs on 4 commercial altornating-: 
current magnetic separator which might bce uscd to scparate © 
locked and unlocked grains ***, Tho largost apparatus built 
to dato is 1 meter wide and can handle abcut 1 ton an hour, 
but this capacity could probably be increased, chiefly by 
using a frequency higher than the 50 c.p.s. at which the 
soparator Operetee at pro sent. 


| See footnote 10. 

16/ In Decembor 1947, Swedish iron sesh was said to be polling in the New 
York market for 9¢ a pound. 

17/ Exetorp, S. G. H., and Varming, V. H., Mcthod and Apparatus for the Dry 
Separation of Ferromegnetic Material, Such as Forromenetic Ores, 

Sponge Iron, and tho Like: Application No. 4074/44 for Swedish Patent. 
For abstract, see Jornkontorets Annalor, vol. 131, 1947, No. 10. 

18/ Dean, R. S., and Davis, C. W., Mognetic Separation of Orcs: Bureau of — 
Mines Bull. 405, 1941, p. 189, Lists 10 patents on A.C. magnetic 
separators, the earliest, Nov. 3, 1891, specifically intonded for 
soparating gangue from magnetite; pp. 190-191 list othcor rotary magnetic- 
field soparators under classos 3,5, and 6.' 

19/ Moertsell, Sturo, Efforts Towards Rationalization in Swodish Iron Ore 

Boneficiation: Jernkontorets Annaler, vol. 130, No. 9, 1946, pp. 269- 

460. . Discussion, pp. -460-476.... Eketorp's. discussion on pp. L67- 469. 
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Eleven examples are cited, of which the following three will suffice to — 
show how the new separator breaks a magnetite concentrate into three fractions, 
of which the firat can be made to be wholly free of particles of gangue, 
whereas the middlings may still be a high-grade iach ia and most of =e 
gangue is in the pranene 


ve ‘! Yield of 
lPercent by |. Percent | iron, - 
ig | weight -| .Fe- i § | ®#P | percent - 
Dalkarlsberg, maximum: : . oe ae te ' 
grain size 0.8 m.: I : : oe 
Foed covcccescces. | eo : | 47.9 0.005 , 0,107 - . 
First grade essee | 18.1 | 71.0 |. .002 | 007 26.6 - 
Middlings ....... | 37h | 67+ 008 | .016 52.2 
Tailings sessesoe | 44.5 | 23.0 ! ,001 |! .22h 21.2 
SuM cee __ 400.0. 5.2 * 0,00 0,107 100.0 
Dalkarisberg, finished | | | 
concentrate; | | 
ROG. ésesetescees | - | 66.1 {$ 0.005 | 0.016 
First grade ..... | 509 | 70.1 ' 002 | .005 53.5 
Middlings ....... | 41.2 | 66.0 | ~.008 | 012 40.8 
ee eocerecos oJ / 4 of { 2002 O72 
SuM eee 100.0 2. O06 { 0,005 {| 0.OL 100.0 
Asboberg, finished | : 
concentrate: 3 : 
Feed secccccscces i = | 67.0 j 0.001 0.003 > 
First grade we... | 88.2 1 70.7 ! Trace | .001 92.8 
Middlings seccseos | 8.0 ' 51.9 ! 0.020 | ,.006 6.3 
Tailings eCoovecsoe 3.8 | 15.6 | e082 02 0.9 
Sum... | 100,0 O7el | 90,005 © 0,002 100.0 
A further source of ormation on Hoeganaes sponge iron is the recent 


paper by Tigerschiceld,22/ in which the following paragraph occurs on page 
297: 


Immediately after the beginning of the second world war, Hoeganaes 
made an extra-enriched, more highly reduced sponge, which was delivered in 
powder form and had extensive application, especially in America, for making 
pressed and sintered iron objects. It seems as if this product will meet 
with ever-increasing demand, 


If the above surmizes as to the way Swedish iron powder is mado are cor- 
rect, producers of magnetite concentrate might well consider extending the . 
Bureau of Mines experiments on brickyard sponge iron to include the production 


20/ Tigerschioeld, Magnus, The Use of Sponge Iron in Swedish Steel Making: 
Jernkontorets paler, vol. 131, No. 9, 1947, pp. 295-339. Discussion, 
Pp. 339-371. | 
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of iron powder. Where magnetite ore is already being beneficiated by magnetic 
separators, the installation of a 300 to 500-foot direct-fired ol kiln 
having a maximum capacity of 35 to 60 tons of sponge iron a dayS=/could met 
a possible future demand for 5¢- to 6¢-a-pound iron powder suitable for mik- 
ing articles by powder-metallurgical methods. The: case of procuring cheap 
coke breeze or cheap buckwheat anthracite, both of which have proved to be 
satisfactory for solid-fuél reduction of magnetite, and the indicated possi- 
bilities for further mechanization of the tunnel kiln procodure are factors 
favorable to the economics of ‘such production, however difficult dnd costly 
tho final crushing and grinding of sponge-iron pigs may prove to be. The 
spread botweon prices of highost-quality Swedish sponge iron ($73 a ton) and 
9¢ Swedish iron powder ($180 a ton) would seam to bo large eriough" to Gover 
costs of comminution and of making a special super-concentrate -by -use of the 
rotating-field magnetic separator. 


sor ee * © @ & © 


e 6+ 2 » &© © & - 


al Reout” 1) pereene | more if the German Rees of a system, of "eieccosied 
pipes is applicable ‘for ‘steady production. 
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